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CHARGED PARTICLE DEVICE 

5 FIELD OF THE INVENTION 

10 a beam of charged particles. 

BACKGROUND OF THE INVENTION 

examination of much finer detatb. A * 

^ m ^"^."^^es Lude *. diagnosis of 
- — * rr^TS-S of sub cefiular components 
>— ■ - ta * "* P ^r^inanon of the shucture of composite 

— - 

in semiconductor technology. 

f A«™d oarticle devices for the examination of 
* W ° ^^t^ay, are me transmission decrron 
l^c^^n microscope (SEM). In addition 
.nicroscopelTEMJandmescamimB TEM and SEM have been 

to the norma! us. me two ^croscopes, ho* For 

.edified, resuhmg in u— (sraM) produces a 
35 electron microscopes (SEM) me aesigi 
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between the arrangement of the objective lens f„ r f • 
onto the specimen and the mmm^Zl Z 7 * Pmicl ° beam 
to arrange both the objective ZZZ ' * ~" 

specimen in order to get the best resmts ^ 7 " t0 ^ 

can not be minimised beyond a certain degrT^e " ** 
for the detector in the vicinity of the spectaT' t ' "* 
^ingpropertiesofmeobieJv^eT ^ ^ n ^ ivel ^ ff ecting the 

Furthermore, despite their widespread use elect™ • 
and fairly complicated instruments wW™ mcrosco P« are large 

settings have often become ^Z ^Z^^ ** 
specialised training to carry out thel , , Escape technicians have 
However, the nJ^Jt ^^r^^ ^ ^ry. 
- instrument to specific ™ ~ 1 ZSi ^ * 
spectromaeniand.tetecto.s „»„, a ^ exampleb >" K «of different 
^ a ^ * of tee 

Ho W ev CT ,U,ere isa ^ for ^Xre^r me '^°— - 
SUMMARY OF THE INVENTION 

can be more easi! y adapted for vadous J^" ~ 4 ""<■> - *- 

.^^o^^^r^rrJe^ • ■ 

in a charged particle device a* ^ • • / partic,e for use 

a still further asp « * ^ ! "f" " to 
aspect of the present mventron there is provided a method for the 
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examination of specimen with a beam of charged particles as specified in 
independent claim 19. According to a still further aspect of the present 
invention there is provided a charged particle device as . specified » 
independent claim 20. Further advantages, features, aspects and details of to 
invention are evident ftom the dependent claims, the description and the 
accompanying drawings. The claims are intended to be understood as a first 
non-limiting approach of defining the invention in general terms. 

According to the first aspect of the present invention, there is provided a 
charged particle device comprising: a particle source for providing a charged 
particle beam; an objective lens for focusing the particle beam onto a specimen, 
said objective lens having an optical axis; a particle mirror located on the 
optical axis of the objective lens, said particle mirror having a front surface, a 
back surface, a drift region reaching from the back surface to the » 
> for letting the charged particle beam pass from the back surface to the front 
surface, said drift region being positioned away from the optical axis, and a 
deflecting region located on the front surface for deflecting charged particles 
coming from the specimen towards a detector. 

0 The improved charged particle device has the advantage that the use of a 

particle mirror results in additional freedom for the design of the charged 
Particle device. A particle mirror, contrary to a particle detector can be 
arranged in the device more easily without negatively affecting the 
focusing/projecting properties of the objective lens. By having me drift region, 

> 5 the particle mirror can be integrated in the device more easflv, wrtho* 
negaLlyaffectmgcb^ 

is positioned away from the axis of the objective lens, the area, where the axis 
intersects the mirror, can be used as deflecting region, which increases die 
quality of the examination considerably, because the particles moving along the 
30 axis carry an important part of the information about the specimen. 

Furthermore, since there is now no limitation on the size of the detector, 
all kinds of detectors and spectrometers can be used to analyse the specimen. In 
addition to that, one type of detector can be easily replaced by another type of 
35 detector, in order to adapt the device to specific measurement needs. 
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According to a preferred embodiment the , • 
deflecting region located on the fJ^L d7 t ^ * 
given velocity range (energy range) 1^7 ^ fa a 

angles betwecntbe ^^^StT* " ^ *" 
^tsurfaceofthemirro.atthepoint where^eXe * " 

me angle a Pi between the mcomin* path of !T, nUn0r ' ***** 

the front surface of the mirror. * — — to 

distribution of the particles coming ^ ^ and the angular 

mirror, thedetectoris capable of JL^^T " ^ by 
it were directly located near the specimen " * 

According to a preferred embodiment the HrJft • 
mirror reaching from the back surfaZTT ^ ^ ° f P**** 

a manner, that most oTT ^""C"* * ^ 
towards the detector. This implies th J7 * ~" MB ^ deflected 

concentrated. 8 ^m the specimen are 
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According to a preferred embodiment the a 
mrther comprises a deflection unit for dSL tn ^ ^ **» 
essentially along the optical axis of * u Cta * 8d partic,e bea m 

«angeme M basically all parte* comin8 fom ™ "j^™ lens ' to «*> 
along ft. optica! axis can b. defl J^ g JT *» *— - — -novfag 

as w«„ as fte ^ particl * ^^J^*""* * ***** 
«« typas of partcte are affected ta hT H ° WeVer ' 

specunen into complementary parts Accord^ Tr * ^ 

P Accordmg to Lorentz Law, charged 
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particles coming from the specimen which fly in a mxecUon opposite to the 
direction of the charged particle beam experience an opposite force. In other 
words, they are directed into a region which is complementary to the region of 
the primary particle beam. 

In case the deflection unit is electrostatic, the charged particles coming 
from the specimen are directed into the region as the primary partick beam. 
However, tie angle of redirection of the charged particles coming from Ae 
specimen is bigger since the angle of redirection is inversely proportional to the 
velocity. Tbis results in a directional separation of the secondary particles fiom 
the primary particles. Since a magnetic deflection unit deflects charged partrcle 
beam moving towards the specimen and the charged particles connng : fiom the 
specimen into opposite directions, it is prefened to use a magnate deflection 



unit. 



According to a still further preferred embodiment, the charged particle 
device further comprises a three atep deflection tmi, for deflecting the charged 
particle beam away form me optical axis arm back onto the optical a^ By 
using a three step deflection nni« the particle source, and any omer element 
, „J,„ dl apeflrebeomofchargeoparticles,c*nbea^^ 

.he objective lens, which leads to compact design of the complete devrce^e 
toee rtep deflection uni, may consist of dements, like magnetic .cods, wtach 
are used only for mis prupose. Howeve, , me three step deflection urn. may 
^ conais, of elements, which, for example, am addition** used to move the 
5 charged particle beam across me specimen (scanning unit). 

According to a atill further preferred embodiment, the particle mnror is 
tfted with regard to .he optic* axia by an angel a b«ween about 20 and about 
70 degree, preferably about 40 and about 50 degree, most preferably about 45 
!0 degree. By mis orienration of me particle mirror, me particles comrng ,ftom the 
spSmen are easily direct to tire periphery of me device, whem all ktnds of 
dLtomcanbe arranged withomaffi^ug^^ 
degree oriemation of th. particle minor, it can be assurer 1 that the time 
difference of two different particles moving to the detector rs mmmal, as long 
35 as there are of the same initial velocity. 
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According to a still itaher preferred embodiment rhe • 
~ « «— *» «*- or a conductive tfl^ ^7 

cC^r^r *• surftoe ° f — - " 

cave surface. Furthermore, a ceramic material, for examole Al O 
According to a still further preferred embodiment, a second def^.n • 

20 

According to . still further prefer, embodiment, the charted n^l 
devtce further comprises . high fflter> ^ „ J^J^Zt 

detector, allowing only particles having an energy abovfa ZZT - 
enenrv to enw th» a * * >™ ^ aDove a predetermined 

energy to enter the detector. The combination of a low vass f?lf«- an A u- i_ 

enhance material contrast or other features of the soecWn tk T 
Ptcf^d that me high paaa flUer comprlaes a J^Z^^Z 

30 

According to a still further preferred embodiment, said drift ratrinn • 
Phoned away ftom me optical axis of ore objective l^^^ged 
pamciecommg from me specimen wimin an angle y S 5 degree, £££ 

35 I f aS ." ,eaS " red *» *» «* * objective L hi, me 

35 deflecting regton of me minor. Ms has the advantage^ espluy t 
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specimen with a high topography, most of the charged particles coming from 
the specimen can be detected. 

According to the second aspect of the present invention, there is provided 
a particle mirror for use in a charged particle device comprising: a front surface 
and a back surface, a deflecting region located on the front surface for 
deflecting all particles in a given velocity range and in a given angular range, a 
drift region reaching from the back surface to the front surface for letting 
particles pass from the back surface to the front surface of the mirror, the drift 
) region being positioned away from the geometrical center of the mirror. 

According to a preferred embodiment, the particle mirror further 
comprises a conductive surface or the conductive deflecting grid kept on a 
predetermined potential sufficient to deflect all particles having less than a 
5 predetermined energy. Furthermore, it is preferred if the particle mirror 
comprises a conductive screening grid for screening potential of the surface or 
the conductive deflecting grid from the rest of the device and/or a particle 
absorber for absorbing particles having more than the predetermined energy. 

>0 According to the third aspect of the present invention, there is provided a 

charged particle device comprising: a particle source for providing a charged 
particle beam; an objective lens for focusing the particle beam onto a specimen; 
a particle mirror for deflecting charged particles coming from the specimen 
towards a detector, and a high pass filter being arranged in front of the detector, 

25 allowing only particles having an energy above a predetermined energy to enter 
the detector. 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 

Some of the above indicated and other more detailed aspects of the 
invention will be described in the following description and partially illustrated 
with reference to the figures. Therein: 
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Fi* 1 is a schematic vertical cross section of a charged particle device 
according to a first embodiment of the present invention. 

Fig. 2 is a enlarged view of the particle mirror as used in Fig. 1. 

Fig. 3 is a schematic vertical cross section of a charged particle device 
according to a second embodiment of the present invention. 

Fig. 4 is a enlarged view of the particle mirror as used in Fig. 3. 

Fig. 5 is a schematic vertical cross section of a charged particle device 
according to a third embodiment of the present invention. 

Fig. 6 is a schematic vertical cross section of a charged particle device 
15 accordmg to a fourth embodiment of the present invention. 



5 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

F . , A ^ emb ° j diment aCCOrdi *S to * e Mention is shown schematically in 

chled 1^7 ^ b " ni * n0imalIy " 6leCtron beam > «— *« 
charged part.de source 2 e.g. a tungsten-hairpin gun, a lanthanum-hexaboride 

gun a field-emission gun, or a thermionic Schottkey emitter. At least one 

anode 3 an arranged below the particle source 2, which attracts and accelerates 

*e charged particles. In order to accelerate the charged particles, the charged 

parhcle source ,2 IS kept on negative potential, for example -0.5 kV. wherfas 

die anooe 3 is kept on a positive potential, for example +10 kV. 

char J* 7? 3 k f ° UOWed ^ 3 0aBd "- IeDS 5 > which — ntrates the 
charged partrcles mto a fine beam and guides the beam along the optical axis 6, 
winch is also the axis of the objective lens 10. The first stage 12A of the three 
step deflection unit 12 deflects the beam 4 of charged particles away from the 

12B f 7 ' beam 4 ° f ^ P "* h< *" enters * e ^nd stage 
12B of the three step deflection unit, which redirects the beam 4 of charged 

parades towards the optical axis 6. On its way back to the optical axis 6 me 
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beam 4 passes the particle mirror 14, that is located on the optical axis 6. The 
charged particle beam 4 passes the particle mirror 14 through a drift region 26 
(drift tube) arranged within the particle mirror 14.. The drift region 26 reaches 
from the back surface 28 of the mirror to the front surface 27 of the mirror (see 
5 Fig. 2). Due to drift region 26 arranged in the particle mirror 14, the charged 
particle beam 4 passes the particle mirror 14 in a basically undisturbed manner. 
Accordingly, there is no need for any additional measures for correcting the 
charged particle beam. 

0 The beam 4 of charged particles then enters the third stage 12C of the 

three step deflection unit 12, which redirects the beam 4 of charged particles 
essentially in the direction the optical axis 6. The deflection unit 12 may 
comprise electrostatic or magnetic deflection stages 12A - 12C. 

15 The third stage 12C of the three step deflection unit 12 is followed by the 

objective lens 10 for focusing the particle beam 4 onto a specimen 8. In order 
to decelerate the charged particles, the specimen 8 is grounded, so that the 
charged particles, normally electrons, hit the specimen 8 with an energy of 0.5 
keV in this example. 

20 

When the charged particles strike the surface of the specimen 8, they 
undergo a series complex interactions with the nuclei and electrons of the 
atoms of the specimen. The interactions between the incident charged particles 
and the atoms of the specimen may be elastic or inelastic. The interactions 
25 produce a variety of secondary products, such as electrons of different energy, 
X rays, light, and heat, as well as charged particles scattered backward. Many 
of these secondary products and/or the backscattered charged particles are used 
to produce the image of the specimen and to collect additional data from the 
specimen. 

30 

A secondary product of major importance to examination or the image 
formation of specimens are secondary electrons that escape from the specimen 
at a variety of angles with relatively low energy (3 to 50 eV). Due to the high 
positive potential inside the objective lens 10 (in this example +10 kV), the 
35 secondary electrons are drawn into the objective lens 10 and are accelerated 
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towards the particle mirror 14. The secondary electrons pass the third stage 
12C of the three step deflection unit 12 and move on to the particle mirror 14. 
By passing the third stage 12C of the three step deflection unit 12, the 
secondary electrons are also deflected. In the example shown in Fig. 1 the third 
stage 12C of the three step deflection unit 12 is a magnetic deflection unit. 
Therefore, the secondary electrons are deflected in the opposite direction with 
regard to the primary electron beam 4. Accordingly, the primary electron beam 
and the secondary electrons are separated without negatively affecting the 
primary electron beam 4. 



The secondary electrons hit the deflecting region 25 of the particle mirror 
14 and are deflected toward the detector 16. In the embodiment of the present 
invention shown in Fig. 1, the particle mirror 14 comprises a conductive 
surface 21, which is tilted with regard to the optical axis 6 by an angel a of 

15 about 45 degree. Furthermore, the conductive surface 21 is kept on a 
predetermined potential sufficient to deflect all particles having less than a 
predetermined energy. In this example, the conductive surface 21 is kept on a 
potential of slightly below +5 kV, in order to deflect all secondary electrons 
coming from the specimen 8 towards the detector 16. Thereby, the secondary 

20 electrons are deflected in a manner, so that the angle between the outgoing 
path of the particle and the axes normal to the front surface of the mirror equals 
the angle fa between the incoming path of the particle and the axes normal to 
the front surface of the mirror (see Fig. 2). 

25 In this example, the particle mirror is made of A1 2 0 3 having a conductive 

coating on the front and on the back surface thereof, whereby the conductive 
coating on the front surface is isolated from the conductive coating on the back 
surface. Furthermore, the particle mirror 14 comprises a metal tube located in 
the mirror, which forms the drift region 26. The metal tube is connected with 

30 the back surface of the mirror and is kept on the same potential as the back 
surface of the mirror. Care has to be taken at the periphery of mirror and 
between the drift region 26 and the deflecting region 25, in order to avoid any 
shorts between the front and the back surface of the mirror. 
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The detector 16 may be chosen from a variety of detector types* In the 
present example, the detector 16 is a scintillator that is connected to a photo 
multiplier via a light guide. The output of the detector 16 is then used, for 
example, to display or to record an image of the surface of the specimen. 

Backscattered particles, normally electrons, are also of importance to the 
image formation of specimens. Backscattered electrons are high in energy, 
with an average of 60% to 80% of the initial energy of the electron beam (0.5 
keV in this example). Due to the high positive potential inside the objective 
lens 10 (in this example +10 kV), the backscattered electrons are also drawn 
into the objective lens 10 and are accelerated towards the particle mirror 14. 
The backscattered electrons pass the third stage 12C of the three step deflection 
unit 12 and move on to the particle mirror 14. By passing the third stage 12C 
of the three step deflection unit 12, the backscattered electrons are also 
deflected. As explained above, the third stage 12C of the three step deflection 
unit 12 is a magnetic deflection unit. Therefore, the backscattered electrons are 
also deflected in the opposite direction with regard to the primary electron 
beam 4. Accordingly, the primary electron beam and the backscattered 
electrons are separated without negatively affecting the primary electron beam 
4. 

Accordingly, the backscattered electrons also hit the deflecting region 25 
of the particle mirror 14. However, due to their relatively high energy 
compared to the secondary electrons, the potential of the conductive surface 21 
25 is not sufficient to deflect the backscattered electrons. Accordingly, the 
backscattered electrons pass through the conductive surface 21 and reach the 
ceramic material A1 2 0 3 which acts as a particle absorber 23. 

In order to separate the secondary electrons from the backscattered 
30 electrons, in the general case the potential of the conductive surface 21 is to be 
chosen slightly below BE sin 2 a, whereby BE is the potential inside the 
objective lens 10 and the angle a is the angle between the optical axis and an 
axis normal to the front surface of the particle mirror 14. By scanning the 
charged particle beam over the specimen and displaying/recording the output of 
35 the detector 16 an image of the surface of the specimen is formed. 
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A ^ embodiment according to the invention is shown schematically 
m F,g. 3. Components that are the same as in Fig. 1 have the same reference 
designators and are not described further. The embodiment show, in Fig 3 
5 differs from the embodiment shown in Fig. 1 i» that an additional conductive 
screening grid 22, for screening potential of the conductive surface 21 from the 
rest of the device, is provided in front of the conductive surface 21 
Furthermore, the embodiment according to the invention shown in Fie 3 
comprises a high pass filter 30 that is arranged in front of the detector 16 

10 aUowmgonlyparticle.havmg an energy^ 

the detector 16. The high pass filter 30 comprises a conductive filtermg grid 3 T 
and a further screening grid 32 arranged before the filtering grid 31 The 
combination of the low pass filter 14 (the particle mirror) and the high' pass 
filter 30 allows to pick out any band of energies for the detection and thus 

15 enhance material contrast or other features of the specimen. 

Fig. 4 is a enlarged view of the particle mirror 14 as used in Fig 3 The 
particle mirror 14 as shown in Fig. 3 comprises a front surface 27 a back 

0 particles m a given velocity range (energy range) and in a given anguine 
and a drift region 26 reaching from the back surface 28 to the front surface 27 
for passing particles from the back surface 28 to the front surface 27 of the 
mirror. 



25 



30 



Furthermore, particle mirror 14 comprises a conductive surface 21 kept 
on a predetermined potential sufficient to deflect all particles having less than a 
preaetermmed energy. The potential of surface 21 is screened by a conductive 
screening grid 22 located in front of the surface 21. Thereby, the distance 
between the conductive surface 21 and the screening grid 22 is preferably 
chosen larger than 10 times the mesh size of the grid 22. The screening grid 22 
is preferably maintained on the same potential as those elements adjacent to the 
particle mirror 14 in the charged particle device. By using a screening grid 22 
die potential of the conductive surface 21, which is usually considerably 
different from the potential of elements adjacent to the particle mirror 14 can 
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be bidden from these elements. Accordingly, negative side effects due to the 
potential of the conductive surface 21 can be avoided. 

When a charged particle, like a secondary electron, having less than a 
5 predetermined energy hits the deflecting region 25 of the particle mirror 14, the 
particle is deflected in a manner, so that the angle fi 0 between the outgoing 
path 9B of the particle and the axes normal to the front surface of the mirror 
equals the angle fi\ between the incoming path 9A of the particle and the axes 
normal to the front surface of the mirror. 

10 

Since the particle mirror 14 is made of a ceramic material, the ceramic 
material functions as a particle absorber 23 located between the back surface 28 
of the mirror and the conductive surface 21 for absorbing particles, which have 
more than the predetermined energy and which are, therefore, able to pass 
15 through the surface 21. 

As can be seen from Fig. 4, the drift region is not located at the 
geometrical center of the mirror, which is indicated with the reference number 
40. The mirror shown in Fig. 4 has the shape of a circular disk having a middle 
20 point. Accordingly, the geometrical center of the mirror is the middle point of 
the disk. Due to the fact that the drift region is positioned away from the 
geometrical center of the mirror, the geometrical center of the mirror can be 
used as deflecting region, which increases the quality of the examination 
considerably. 

25 

A third embodiment according to the invention is shown schematically in 
Fig. 5. A charged particle beam 4, normally an electron beam, comes from 
charged particle source 2 e.g. a tungsten-hairpin gun, a lanthanum-hexaboride 
gun, a field-emission gun, or a thermionic Schottkey emitter. At least one 
30 anode 3 is arranged below the particle source 2, which attracts and accelerates 
the charged particles. In order to accelerate the charged particles, the charged 
particle source 2 is kept on negative potential, for example -0.5 kV, whereas 
the anode 3 is kept on a positive potential, for example +10 kV. 
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The anode 3 is followed by a condenser lens 5, which concentrates the 
charged particles into a fine beam and guides the beam along the optical axis 
6', which is not the axis 6 of the objective lens 10. The beam 4 of charged 
particles then enters the first stage 12B of a two step deflection unit, which 
5 directs the beam 4 of charged particles towards the optical axis 6 of the 
objective lens. On its way to the optical axis 6, the beam 4 passes the particle 
mirror 14, that is located on the optical axis 6 of the objective lens. The 
charged particle beam 4 passes the particle mirror 14 through a drift region 26 
(drift tube) arranged in the particle mirror 14. Due to drift region 26 arranged 

10 in the particle mirror 14, the charged particle beam 4 passes the particle mirror 
14 in a basically undisturbed manner. Accordingly, there is no need for any 
additional measures for correcting the charged particle beam The beam 4 of 
charged particles then enters the second stage 12C of the two step deflection 
unit 12, which redirects the beam 4 of charged particles in the direction the 

15 optical axis 6. 

The deflection unit 12C is followed by the objective lens 10 for focusing 
the particle beam 4 onto a specimen 8. In order to decelerate the charged 
particles, the specimen 8 is grounded, so that the charged particles, normally 
20 electrons, hit the specimen 8 with an energy of 0.5 keV in this example. 

Due to the high positive potential inside the objective lens 10 (in this 
example +10 kV), the secondary electrons 44, that escape from the specimen 8, 
are drawn into the objective lens 10 and are accelerated towards the particle 

25 mirror 14. The secondary electrons 44 pass the deflection unit 12C and move 
on to the particle mirror 14. By passing the deflection unit 12C, the secondary 
electrons are also deflected. In the example shown in Fig. 5 the deflection unit 
12C is a magnetic deflection unit Therefore, the secondary electrons 44 are 
deflected in the opposite direction with regard to the primary electron beam 4. 

30 Accordingly, the primary electron beam and the secondary electrons are 
separated without negatively affecting the primary electron beam 4. 

The secondary electrons 44 hit the deflecting region 25 of the particle 
mirror 14 and are deflected toward the detector 16. In the embodiment of the 
35 present invention shown in Fig. 5, the particle mirror 14 comprises a 
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conductive deflecting grid 41, which is tilted with regard to the optical axis 6 
by an angel a of about 45 degree. Furthermore, the conductive deflecting grid 
41 is kept on a predetermined potential sufficient to deflect all particles having 
less than a predetermined energy. In this example, the deflecting grid 41 is 
5 kept on a potential of slightly below +5 kV, in order to deflect all secondary 
electrons coming from the specimen 8 towards the detector 16. Thereby, the 
secondary electrons 44 are deflected in a manner, so that the angle J3 0 between 
the outgoing path of the particle and the axes normal to the front surface of the 
mirror equals the angle J3\ between the incoming path of the particle and the 
1 0 axes normal to the front surface of the mirror. 

Due to the high positive potential inside the objective lens 10 (in this 
example +10 kV), the backscattered electrons 45 are also drawn into the 
objective lens 10 and are accelerated towards the particle mirror 14. 

15 Accordingly, the backscattered electrons 45 also hit the deflecting region 25 of 
the particle mirror 14. However, due to their relatively high energy compared 
to the secondary electrons 44, the potential of the conductive deflecting grid 41 
is not sufficient to deflect the backscattered electrons 45. Accordingly, the 
backscattered electrons pass through the conductive deflecting grid 41 and 

20 reach the second detector 24 that is arranged behind the conductive deflecting 
grid 41. The second detector 24 may also be chosen from a variety of detector 
types. In the present example, the second detector 24 is also a scintillator that 
is connected to a photo multiplier via a light guide. In case the information that 
is connected with the backscattered particles is not needed, the second detector 

25 24 may also be replaced by a particle absorber, which absorbs the backscattered 
particles 45. The particle absorber may for example be formed by a dielectric 
material. 

As can be seen from Fig. 5, the drift region 26 of the mirror 14 is 
30 positioned away from the optical axis 6 of the objective lens 10, so that all 
charged particle coming from the specimen 8 within an angle y <> 10 degree, as 
measured from the optical axis of the objective lens, hit the deflecting region 
25 of the mirror 14. This has the advantage that, especially for specimen with a 
high topography, most of the electrons coming from the specimen can be 
35 detected. 
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By scanning the charged particle beam over the specimen and 
displaying/recording the output of the detector 16 and/or displaying/recording 
the output of the second detector 24 an image of the surface of the specimen is 
formed. 

Y 

A fourth embodiment according to the invention is shown schematically 
in Fig. 6. A charged particle beam 4, normally an electron beam, comes fiom 
charged particle source 2 e.g. a tungsten-hairpin gun, a lanthanum-hexaboride 
gun, a field-emission gun, or a thermionic Schottkey emitter. At least one 
anode 3 is arranged below the particle source 2, which attracts and accelerates 
the charged particles. In order to accelerate the charged particles, the charged 
particle source 2 is kept on negative potential, for example -0.5 kV, whereas 
the anode 3 is kept on a positive potential, for example +10 kV. 



The anode 3 is followed by a condenser lens 5, which concentrates the 
charged particles into a fine beam and guides the beam along the optical axis 6. 
On its way along the optical axis 6, the beam 4 passes the particle mirror 14, 
that is located on the optical axis 6 of the objective lens 10. The charged 
20 particle beam 4 passes the particle mirror 14 through a drift region 26 (drift 
tube) arranged in the center of the particle mirror 14. Due to drift region 26 
arranged in the particle mirror 14, the charged particle beam 4 passes the 
particle mirror 14 in a basically undisturbed manner. 

The particle mirror 14 is followed by the objective lens 10 for focusing 
the particle beam 4 onto a specimen 8. In order to decelerate the charged 
particles, the specimen 8 is grounded, so that the charged particles, normally 
electrons, hit the specimen 8 with an energy of 0.5 keV in this example. 



30 



Due to the high positive potential inside the objective lens 10 (in this 
example +10 kV), the secondary electrons, that escape from the specimen 8, are 
drawn into the objective lens 10 and are accelerated towards the particle mirror 
14. The secondary electrons 44 hit the deflecting region 25 of the particle 
mirror 14 and are deflected toward the detector 16. In the embodiment of the 
35 present invention shown in Fig. 6 the particle mirror 14 comprises a conductive 
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deflecting grid 41, which is tilted with regard to the optical axis 6 by an angel 
a of about 45 degree. Furthermore, the conductive deflecting grid 41 is kept 
on a predetermined potential sufficient to deflect all particles having less than a 
predetermined energy. In this example, the deflecting grid 41 is kept on a 

5 potential of slightly below +5 kV, in order to deflect all secondary electrons 
coming from the specimen 8 towards the detector 16. Thereby, the secondary 
electrons 44 are deflected in a manner, so that the angle J5 Q between the 
outgoing path of the particle and the axes normal to the front surface of the 
mirror equals the angle p x between the incoming path of the particle and the 

10 axes normal to the front surface of the mirror. 

On their way to the detector 16, the secondary electrons 44 pass a high 
pass filter 30 that is arranged in front of the detector 16, allowing only particles 
having an energy above a predetermined energy to enter the detector 16. The 
15 high pass filter 30 comprises a conductive filtering grid 31 and a further 
screening grid 32 arranged before the filtering grid 31. The combination of the 
low pass filter 14 (the particle mirror) and the high pass filter 30 allows to pick 
out any band of energies for the detection and thus enhance material contrast or 
other features of the specimen. 

20 

Due to the high positive potential inside the objective lens 10 (in this 
example +10 kV), the backscattered electrons 45 are also drawn into the 
objective lens 10 and are accelerated towards the particle mirror 14. 
Accordingly, the backscattered electrons 45 also hit the deflecting region 25 of 

25 the particle mirror 14. However, due to their relatively high energy compared 
to the secondary electrons, the potential of the conductive deflecting grid 41 is 
not sufficient to deflect the backscattered electrons. Accordingly, the 
backscattered electrons 45 pass through the conductive deflecting grid 41 and 
reach the particle absorber 23 that is arranged behind the conductive deflecting 

30 grid 41. 

By scanning the charged particle beam over th specimen and 
displayingfrecording the output of the detector 16 an image of the surface of 
the specimen is formed. 

35 
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CLAIMS 



1. A charged particle device (1) comprising: 

a particle source (2) for providing a charged particle beam (4); 

an objective lens (10) for focusing the particle beam onto a specimen (8) 
said objective lens (10) having an optical axis (6); 

a particle mirror (14) located on the optical axis (6) of the objective lens 
(10 , said particle mirror (14) having a front surface (27), a back surface 
(28), a drift region (26) reaching from the back surface (28) to the front 
surface (27) for letting the charged particle beam (4) pass from the back 
surface (28) to the front surface (27), said drift region (26) being 
positioned away from the optical axis (6), and a deflecting region (25) 
boated on the front surface (27) for deflecting charged particles coming 
from the specimen (8) towards a detector (16). 



The charged particle device (1) according to claim 1 wherein the particle 
minor (14) comprises a deflecting region (25) located on the front 
surface (27) for deflecting all particles in a given velocity range and in a 
given angular range, so that the angle Po between the outgoing path of 
the particle and the axes normal to the front surface of the mirror at the 
point where the particle hits the minor, equals the angle P , between the 
incoming path of the particle and the axes normal to the front surface of 
the mirror. 



The charged particle device (1) accoiding to claim 1 or 2 wherein the 
dnft region (26) reaching from the back surface (28) to the front surface 
(27) ,s positioned away from the geometrical center (40) of the minor 
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The charged particle device (1) according to one of the preceding claims 
further comprising a deflection unit (12Q for directing the charged 
particle beam essentially along the optical axis of the objective lens, said 
deflection unit (12C) being arranged between the particle mirror (14) and 
the objective lens (10). 

The charged particle device (1) according to claim 4 comprising a three 
step deflection unit (12) for deflecting the charged particle beam (4) away 
form the optical axis (6) and essentially back onto the optical axis (6) of 
the objective lens (10). 

The charged particle device (1) according to one of the preceding claim 
wherein the particle mirror (14) is tilted with regard to the optical axis (6) 
by an angel a between about 20 and about 70 degree, preferably between 
about 40 and about 50 degree, most preferably about 45 degree. 



The charged particle device (1) according to one of the preceding claims 
wherein the particle mirror (14) comprises a conductive surface (21) or a 
conductive deflecting grid (41) kept on a predetermined potential 
sufficient to deflect all particles having less than a predetermined energy. 

The charged particle device (1) according to claim 7 wherein the particle 
mirror (14) comprises at least one conductive screening grid (22) for 
screening potential of the conductive surface (21) or the conductive 
deflecting grid (41) from the rest of the device. 

The charged particle device (1) according to claim 7 or 8 wherein the 
particle mirror (14) comprises a particle absorber (23) for absorbing 
particles having more than the predetermined energy. 
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The charged particle device (1) according to claim 7 or 8 wherein a 
second detector (24) is arranged behind the conductive deflecting grid 
(41) for detecting particles having more than the predetermined energy. 

The charged particle device (1) according to one of the preceding claims 
wherein a high pass filter (30) is arranged in front of the detector (16), 
allowing only particles having an energy above a predetermined energy 
to enter the detector (16). 

The charged particle device (1) according to claim 1 1 wherein the high 
pass filter (30) comprises a conductive filtering grid (31) kept on a 
predetermined potential sufficient to filter out all particles having less 
than a predetermined energy. 

The charged particle device (1) according to one of the preceding claims 
wherein said drift region (26) is positioned away from the optical axis (6) 
of the objective lens (10), so that all charged particle coming from the 
specimen within an angle y < 5 degree, preferably < 10 degree, as 
measured from the optical axis (6) of the objective lens (10), hit the 
deflecting region (25) of the mirror (14). 

A particle mirror (14) for use in a charged particle device comprising: 
a front surface (27) and a back surface (28), 

a deflecting region (25) located on the front surface (27) for deflecting all 
particles in a given velocity range and in a given angular range, 
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a drift region (26) reaching from the back surface (28) to the front surface 
(27) for letting particles pass from the back surface (28) to the front 
surface (27) of the mirror, the drift region (26) being positioned away 
from the geometrical center (40) of the mirror. 

15. The particle mirror (14) according to claim 14 wherein the particle mirror 
(14) further comprises a conductive surface (21) or a conductive 
deflecting grid (41) kept on a predetermined potential sufficient to deflect 
all particles having less than a predetermined energy. 

16. The particle mirror (14) according to claim 15 wherein the particle mirror 
(14) further comprises at least one conductive screening grid (22) for 
screening potential of the conductive surface (21) or the conductive 
deflecting grid (41). 

17. The particle mirror (14) according to claim 15 or 16 wherein the particle 
) mirror (14) further comprises a particle absorber (23) for absorbing 

particles having more than the predetermined energy. 



5 



18 The particle mirror (14) according to one of claims 14 to 17 wherein 
deflecting region (25) deflects the particles, so that the angle between the 
outgoing path of the particle and the axes normal to the front surface of 
the mirror, at the point where the particle hits the mirror, equals the angle 
between the mcoming path of the particle and the axes normal to the 
front surface of the mirror, 

19. A method for the examination of specimen with a beam of charged 
particles comprising the steps of: 

35 providing a charged particle beam; 



\0 
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letting the charged particle beam pass through a drift region reaching 
from the back surface to the front surface of aparticle . 



•■ mirror 



focusing the particle beam onto a specimen with an objective lens, said 
objective lens having an optical axis; and 

deflecting charged particles coming from the specimen towards a detector 
with a deflecting region of the particle mirror, 



wherein said drift region is positioned away from the optical 



axis. 



20. A charged particle (1) device comprising: 

a particle source (2) for providing a charged particle beam (4); 

an objective lens (10) for focusing the particle beam (4) onto a specimen 

a particle mirror (14) for deflecting charged particles coming from the 
specimen towards a detector (16); and 

a high pass filter (30) being arranged in front of the detector (16) 
allowing only particles having an energy above a predetermined energy* 
to enter the detector (16). 



1. The charged particle device (1) according to claim 20 wherein the 
particle mirror (14) comprises a conductive surface (21) or the 
conductive deflecting grid (41) kept on a predetermined potential 
sufficient to deflect all particles having less than a predetermined energy 
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23. 

10 

24. 

15 



3 . Apvice m according to claim 21 wherein the 

of the — surface (21) of «he — * . 
deflecting grid (41) from the rest of the dev.ce. 

The charged particle device (1) according .0 claim 21 or 22 wherein dr. 
^Tmirror 04) comprises a panicle ahsorher (23) for ahsorhnrg 
particles having more than the predetennined energy. 

Tta charged particle device (1) according to one of claim, 20 t. 23 
herein L pardde minor (14) comprises a deflecfcng regron (25) 
^on Z front surface (27) for deflecting all particles m a given 
v^ot Ige and in a given anguta range, so that the angle between 
™1ng pa* of 4. pardcle and me axes normal m me fron, surface 
VtCZ* « *. pour, where rhe particle hits ft. mirror, ^ 
Igle A between the incoming pam of me particle and the axes normal to 
the front surface of the mirror. 



20 



25. 



25 



The charged particle device (1) according to one of claims 20 to 24 
about 40 and about 50 degree, most preferably about 45 degree. 
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The myentmn provides a charged particle device (1) comprising: a particle 
source (2) for providing a charged particle bean, (4), an objective Ls (1 0) fo 
rtrecung the particle beam onto a specimen (8), said objective lens (10) having 
an op.cal axis ^; a particle mirror (14) located on the optical axis (6) of the 
£~*velens< 0), said particle mirror ^ving a front sur^, a back s«Le, a 
dnft re gl on (26) reaching from the back surface to the front surface for letting 

^ b6am P3SS fr ° m ^ SUrf3Ce to *• -id 

dnft rc & on (26) bemg positioned away from the optical axis (6), and a 

deflectmg regmn located on the front surface for deflecting charged particles 
coming from the specimen towards a detector (1 6). 



Fig. 1 
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